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:ind tisiues to satisfy this requirement 
tracer m:rtcri:il (10, 1 3 ) .  Secondly, it 
:irtcriovenous shunts or capillary by 
I t  i i  grrierally believed on the basis 

hen they :ire employed :is the 
that there :ire iio 

i ~ i  being s t l idid.  
i~ to in ica l  itutlici 

shunts exiit iii the brain (1,  22). Fiiially, Eq. (7) applies only 
lies nhich are hornogeneoui with respect to the blood prr- 

fui ion rate :inti the solihility of the tr:ircr subst:riice. It i i  aiiumed that 
s:itiif:ictioii of this recpircmciit is ;ippro:ichcd by limiting the meaiurc- 
riieiit5 of blood flon to small :in:Ltornic:rlly discrete structure5 of the cwi- 
tr:il iiervou5 system, whirh is, indeed, the iiltimntt, piirpoir of the method. 

1hlii:ition (7) provide:, the  h i i s  of the mcthod and dcfiiiet the wriahlei  
to  he measured in order for regional cerebral blood flo~v to he determined. 
I t  is appnrent from it that blood flow per unit \f-eight of tisiue, e.g., l(’/V, 
( x i 1  be cn lda te t l  if tlic following data arc kno\vri: ( 1 )  the curve describiiig 
the :rrterial concmitration of the tracer from the time of its nppcar:ince i n  

( 2 )  thc conrcntration of the 
tracer in the t ue: blood partition rocffirient 

The cxperiniciitnl procedure 
i \  dciigned to  o h i n  these (1:tt:t. 

c i f i r  subscyuerit time 
t time 7‘; :ind (3)  the t 

I ~ W  :it \)ody tcmperntu 

8. P r oc r d u r c 

a.  ( ’hac(> and I’rcparataon oj I~ladaoactace Gas. Herausc the validity of 
i i  dependent oi i  the assuinptioiis of diffusion equilibrium 

ue niid blood :ind the incrtiic.is of the tr:iwr, :I frcdy diffuiihlc, 
i i ( ’ c  is necessary. Their conditions :we hest met hy an  inert 

gas. I’urthrrmore, the use of a radio:ic+ve tracer greatly fnci1it:ttci the 
nic:isurcrnmt\ of the  vari:hIrs reqiiircd by Eq. (7). The 1xlio:ictivc. gas, 
II3‘-tagged trifluoroiodometh:~iie, CI: J1?I, h:ti I - ) c w i  employed iii the ex- 
pc,riments thus far aiid found to be cpitr  s:itiif:ictory. I t  i i  iiirrt : t i i d  radio- 
active, :tnd thc p : ~ i i d  y cm:iri:itioiis of the 1’” : c e  n(,11 iuitcd to  tht, twh-  
niques \vhich 1 i : i r~  1)em employcd for tlwir ni(xwrcrrient i i i  hlood :iiitl 

iies. Sirrw t hc, g:is is not cmnmercdly av:iil:iblc, it is syiithesi 
ionctive iodide by i i  method developcd hy Tlurell ( 3 ) .  I h  

clcniental iodine, ohtainrd from the oxidation of r:idio:irtive iodide by 
dic*hroninte, i:, i i icuhted with ble t rifluoroiodotiiet1i:iiic~ :Lt 220°C’. for 
2 hours. The stable trifluoloiodorncth:iiie is synthesized hy the  rncthotl 
of Heiiiie :iiid l’iiiliegan (9). Durilig the inrubation, mi exch:mgc of r:tdlo- 
active iodiiie :ttomi n ith the s tab le  iodine :itom\ iii the gas molec.iilc~i o(yqirs 
to form r:itlio:ictive C’l? p. 7’tw gas i i  tiler1 purified of frpe r:idio:rcLtix e 
iodiiie by p:tis:ig~. through :I thio.;ulf:rte scwihk)tlr aiitl \vashiiig \\ ith thio- 
snlfnte solutioii. 

h o s ~  partitioil co- 
efficient l)et\veen water arid gas at room tcmpcr:iture is :ipproxirn:itcly 

b. A4 rlminisfration oj thc Radioactir1c Gas. l’hc gas, 
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of these experiments the blood: gas partition coeficieiit was measured as 
above :tiid divided into the tissue: gas partition c.ocficicrits iii Table I to  
obtain the tissue: blood partition c*oefic.ieiits iii each experimental cat. 
f. Calculation qf Blood Flow. The methods for nieasriririg all the experi- 

TABLE I 
Brain: Gas Partition Coeficientsc for Tri3(/iLoroiorlomelhane i n  

the Central Nrrvous S y s t e m  

Tissues Mean 

I3lood 
Cerebral gray 
Cerebellar gray 
Olfactory gray 
Caudate 
Amygdala and 1);~s:tl ganglia 
Hippocampus 
Ttialamiis 
Hypothalamus 
Reticular sril)st ance 
Medial geniculate 
I,:% teral gerii c iila t c 
Superior colliculus 
Inferior colliciilns 
Cerebral whit,c 
Cerebellar white 
Cord gray 
Cord white 
€'yrnmitlnl t r u t ,  
( )p t,i c tract  
I'oIlS gray 
Pons white 
(:crel)ellar niiclci 
Vcstihulnr nuclei 
Superior olive 

0.66 
0.57 
0.63 
0.60 
0.63 
0.61 
0.61 
0.82 
0.75 
1.00 
0.91 
0.86 
0.88 
0.85 
1.05 
1.11 
0.86 
1.01 
1.11 
1.06 
0.85 
1.16 
0.98 
1.05 
1.01 

Standard error 

0.02 
0.03 
0.04 
0.04 
0.03 
0.03 
0.03 
0.05 
0.04 
0.01 
0.04 
0.05 
0.05 
0.05 
0.03 
0.05 
0.05 
0.04 
0.06 
0.04 

0.09 

0.06 
0.05 

_ _ _ _ _ _ ~ ~ ~  

~ 

- 

Number 
o f  ra ts  

9 
8 
9 
8 
9 
5 
8 
7 
9 
9 
7 
7 
7 
4 
5 
9 
5 
8 
7 
5 
2 
5 
2 
6 
3 

Lktrrmirird :tt 37°C 

rniiried qimitities in  Eq. (7) or Eq. (9) have heen de:,rribed. 
Remniiiitig is the prohlein of sdviiig this equation for I , ,  from hich, 5iiice 
it equ:tlh F/xlir, the Mood flow per gram of tissue pcr minute, F It' i:, 
o1)tairied directly, by niultiplicxtion with the appropriate A. The iolutioii 
is most re:idily accmnplished by an aiialog wmputer,  but the followiiig 

graphical method has hecti found to he s:itisf:t(%ory. ~ the left side x 
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of thc eqwitioii, is cd(wlatcd for :L wide range of assumed values of li. 
Iiitrygxt ion of thc. cxprcssiori 
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TABLE I1 
Local Cerebral Blood Flow in the Cat 

Structure 

Blood flow (cc./g./min.) 

(Mean f SJ;.) 
Light thiopental 

Conscious anesthesia 
(11 cats) (10 cats) 

I .  Superficial cerebral structures 
Cortex: 

Sensory-motor 1.38 f 0.12 0.65 f 0.07'L 
Auditory 1.30 f 0.05 0.72 f 0.07" 
Visual 1.25 f 0.06 0.77 f 0.0'3" 
Miscellaneous-association 0.88 f 0.04 0.67 f 0.06" 
Olfactory 0.77 f 0.06 0.62 + 0.07 

White matter 0.23 f 0.02 0.26 f 0.04 

Medial geniculate ganglion 1.22 f 0.04 0.81 f 0.09" 
Lateral geniculate ganglion 1.21 f 0.08 0.79 f 0.07O. 
Caudate nucleus 1.10 f 0.08 0.91 f 0.11 
Thalamus 1.03 f 0.05 0.71 f 0.09'' 
Hypothalamus 0.84 f 0.05 0.55 f 0.06a 

Hippocampus 0.61 f 0.03 0.59 f 0.04 
Optic tract  0.27 f 0.02 0.22 f 0.08 

1.80 f 0.11 1.41 f 0.14'z Inferior colliculus 
Superior olive 1.17 f 0.13 1.56 f 0.27 
Superior colliculus 1.15 f 0.07 0.82 f 0.10O 
Pontine gray 0.88 f 0.04 0.61 f 0.03' 

11. Deep cerebral structures 

Basal ganglia and amygdala 0.75 f 0.03 0.58 f 0.05" 

111. Midbrain and pons 

Reticular formatiori 0.59 f 0.05 0.49 f 0.06 
l'ontine white 0.24 f 0.02 0.31 f 0.04 

IV. Cerebellum, medulla, and spinal cord 
Cerebellum: 

Xuclei 0.79 f 0.05 0.56 f 0.08'' 
Cortcs 0.69 f 0.04 0.57 i 0.05'' 
White matter 0.24 f 0.01 0.29 f 0.06 

Vestibular nuclei 0.91 f 0.04 0.84 f 0.10 
Me d u 11 a : 

Cochlear nuclei 0.87 f 0.07 0.99 f 0.14 
Pyramids 0.26 f 0.02 0.28 f 0.03 

Spinal cord: 
Gray matter 
White matter 

0.63 f 0.04 0.53 f 0.07 
0.14 f 0.02 0.15 f 0.06 

a Statistically' significantly different from couscious control values (p < 0.051. 



the  1)r:iiiistein : t i id  iiiidbrain rcxtic&r forrnatiori to 1.8 w.  gm. miii. in 
thc iirforior collirrili. The  c.ircd:itioir i n  the inferior cdl icdi  \va\ fouiid to  
1 ) c ~  tlrc. nioht rapid of a l l  tho wrel)r:rl t w s  thuh far studied, but it i h  pos- 
\ i l ) I c  t1i:it tlierc :tre structure< too sm:t11 to be studied t)y this technique 
I\ hoso pt’if‘usioii ratcs might hc higher. 

Sni:dI btriic.turr,\ might he i e d  iii thebe studies because they \\ere 
1)uric-d i i i  thc doptli+ of the t e sliccs and therefore itot represented in 
the i:ttiio:tut ogr:iphs or \I (w rcsentetl hy :irc~is i n  the films less tlinii 
1 mni.  i i i  tli:rnic~tc.r, the limit of resolutiorr of the densitometric riie:~5ure- 
nioiit b. S e s t  to the iiiferior c o l l i d i ,  the highest v:ilu(ih for hlood flow \wrc 
o h i  ed 111 ccrt:tiii :ir( of the cberebr:d cortex. If parts of the (.erebra1 
(’01 t c i  :~ rv  \uffic*ic.iitly devoted to specific sensory 1nod:rlitics to justify 
tlicir cl:i\sih(xtion ncwrdiiig to such fuiiction5, theii it is the sonxttosensory, 
:iutlitory, and I isual : m u  \vliirh are rapidly perfused ; the values for blood 
flow ohtairicd iii them :ire ronsider:hly higher t hail in the olf:wtory and 
other corticd :ireas. 

I of 7’hiopmtal Ants th~~sia 

Siinilu studieh n (>re cwridiwted i r i  w t s  lightly :iiicbthetixed by thiopental 
rtaiii the patterii of effects of surh :tilesthesia on the blood 

flo\\ of the x :irious structures of the hai i i .  l‘echnically these experiments 
n e i ~ ’  id(~iiti(*:tl to thosc. pc.rfornied on the conscious (.:its except that  instead 
of :tllo\ving thein to  regain consciousn , they nere maintained iii a lightly 
:iiicsthetized state after the ndministr:ation of divinyl ether was discon- 
tiiiucd. Thiopcwtal was injected intravenously as required to  maiiitain :t 
Icvel of :iiivsthesin a t  whirh the c.oriicd reflex was still txtrely active during 
the period of the e\periniciit. 

111 ‘I’:tble 11 iirv prescwtcd the results obtaiiied in the :mehth( 
:IS cwriiparctl to those iii the uiianesthetized cats. Iri general, 
of thiapc,iit:il aiiebthesia w ( w  to  rcduce t)lood f l o ~  :tiid to  diminish the 
variation anioiig the vnrious wrek)r:tl structure\ so that  they :dl had more 
rie:rrly tho  \:mie circu1:itiori. ‘ l l is  effect is moht xpparent in the cortical 
:irws \\ herc the wntrasts, which :ire so cvideiit in the c~oiisciou 
:il)olihhctl. l’lic. ninrhed c1ifferc~irc.e iii thc. rates of t)lood f l o ~  bet 
and gray inatter, ho\i ever, rernainz. In view of the effects of anesthesia 
on i i ( ~ v o u s  funrtioiis, these results, p:irticularly those in the c(mbr:il 
c m t i c d  :ir~:ts, leiid support to thc hypothesis that low1 cw-ck)ral blood flow 
is regu1:ttcd by thci loral fuiic~tional activity. 

J. C f c c t s  oj” A ltcrcd Tcnsions of O.eygen and 
(‘arbon Dioxide in thc Inspzrcd A i r  

, carbon dioxide ar id  oxygen, are the most potent 
:ig(wts tor altering the cere1)r:tl hlood flow. Their tensions in the blood 

l‘he respiratory g:i 
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~n:~giiitude than did 10 % Oz were the lateral arid medid genicuhte nuclei. 
111 most other areas the low oxygen mixture caused thc greater iticsre 
in blood flow. 

4 .  Effects of Visual Stimulation 

In  view of the possible relation5hip hetween local cwehrnl hlootl flon 
and 1 o d  functional activity, visual stimul:itioii might he expected to  
increase the blood flow in those areas of the tirain assoc8i:tted with this 
function. Preliminary studies (26) indicate that  sii(’h is thc c:ise. 111 con- 
scious, unanesthetized cats whose eyes had been previously at ropirrizcd, 
retinal stimulation was achieved by means of flashes of light at  :i rate of 
6 per second and at the maximum intensity available from a Grass photic 
stimulator. The visual stimulation mas ni:rintained contiriuously for :i 

period of 5 minutes immediately preceding and for thc 1 -1ninutc period 
during the experimental run. 

In  the few experiments of this type thus far performcd, it h:ta k w  01)- 
served that hlood flow appears to be increased in :treii\ of the tjrain iiivol~-e(l 
in visual functions, e g . ,  the lateral gyri, Iaternl geniculate nuvki, : t i id  the 
superior colliculi. The areas corresponding to  these structures in the ratlio- 
autographs in Pig. 1 are seen to be more prominent in thc experirneiit:il 
studies than in similar control studies performed on tjlindfoldetl rats 
Since the optical density in these radioautographs reprercnts the conc~c11 trn- 
tion of the gas in the tissue which in turn r d c  chiefly the ljlood flow to 
the tissue, it  iq  apparent that  these structures have an :rcrelernted ratc of 
perfusion during visual stimulation. &u:intitntion of the ch:inge\ has riot 
yet been performed. 

IV. SUMMARY 
rmin:ttion of hlood flo\v 

in the individual structures of the cat ’s brain has been presented. I t s  thcx- 
oretical basis has been described, arid the results of early iiivestig:ttioiis 
designed to test its clapabilities as well :is to cwritributc to useful physiolog- 
ical information have heen discussed. These re 
quantitatively very similar to what might be 
studies of the blood flow of the brain as a JV 

method is valid and reliable. It is R method whi 
of operations, arid extreme care and attention to  details are ne 
its application to avoid an accumulation of random errors nrhirh may 
cause so great a variation in results a s  to preclude significant interpretation. 
With carefully controlled technique, however, it :tppe:irs to he cnpahle of 
providing data which may aid in :iriswering some of the cwrrcwt questioii,~ 
about the regulation of the regional ccrehral circulation. 

A method for the simultaneous qumtitative d 
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